whose genera] results in connexion with the mode of formation of the cell-wall had impressed him so strongly th at the relations existing between the protoplasm and the cell-wall were of the most intimate kind, th at he had devoted a special chapter in his work to the consideration of the probability of the perforation of the cell-wall by protoplasmic threads.* In this chapter he distinctly states th a t although he had not himself been able to establish the existence of any general continuity between vegetable cells, yet th at he had but little doubt th a t such a relation did actually occur.
In a preliminary note published in the ' Quarterly Journal of Microscopical Science' for October, 1882,+ I stated that I had succeeded in demonstrating that the continuity of the protoplasm of adjacent cells in the pelvinus of Mimosa was maintained by protoplasmic filaments which passed through pits in the cell wall, and later onj I showed th at the same occurs in Robinia and Amicia.
Subsequent to the publication of my first results, and previous to the present communication, appeared a most important paper by liussow. § In this paper the author states th a t in the bast-parenchyma cells, and in the phloem medullary-ray cells of many of the Amentacese, e.g., P o p u l u , , Qu Fraxinus, Syringa, Olea, xFsculus, A ce r; in the pepo and Lappa tomentosa, a treatm ent of thin sections with Chlor. Zinc Iod. demon strates that a communication between adjacent cells is established by means of pits, the pit membrane being perforated by fine protoplasmic threads. ||
In the following paper I propose to deal more fully than I have hitherto done with my researches upon p ulvini; to treat of the methods I employed, and also to give an account of my investigations as to the structure of endosperm cells, which were undertaken with the view of controlling my results with pulvini. I think th at these investigations will succeed in proving not only th a t perforation of the cell-wall by protoplasmic threads does actually take place, but also th at such perforation is of very frequent occurrence.
Methods.
Preservation o f material.-As it was a point of primary importance that the material for an investigation of this kind should be preserved with the least possible change, I instituted a number of experiments with the view of ascertaining which of the various reagents commonly in use was the most reliable and what precautions were necessary to insure the most successful result. 819 In my paper " On the Continuity of the Protoplasm in the Motile Organs of Leaves"4' ' I stated that when the plasmolytic condition is induced in a cell, the contracted primordial utricle does not lie free in the cell cavity, but is connected to the cell-wall by numerous fine threads of protoplasm. Since these threads are exceedingly thin and easily ruptured, the value of a preservative agent can be readily tested by observing with what degree of success it can fix the protoplasm of such a cell, and can preserve unbroken the delicate threads. (See Plate 70, figs. 34, 35, 36, and 37.) For this purpose thin transverse sections of the pulvinus of Robinia pseadacacia were rapidly cut in water, and treated for about five minutes with a 10 per cent, solution of sodium chloride. The excess of salt was quickly washed out with water, and the sections were exposed in a watch-glass with frequent stirring to the action of the fluid to be experimented upon, mounted and examined.
The following are the principal results of those experiments :-W ith absolute alcohol all the threads were broken, great contraction taking place, attended by great alteration in the shape of the rounded central mass of protoplasm, which now assumed an irregular as opposed to a regular spherical form with a smooth contour.
W ith 1 per cent, osmic acid in the same way the sharply rounded contour gave place to an irregular, uneven outline, and general swelling of the protoplasm occurred. All the strings were broken. The nucleus, however, was well preserved, though somewhat swollen. I t is possible that either a stronger solution of the acid or osmic acid vapour would be more successful.
One per cent, chromic acid, with the exception perhaps of an alcoholic solution of corrosive sublimate, gave the least satisfactory results. None of the threads were preserved, and the nucleus and protoplasm had undergone great alteration of form.
A saturated watery solution of picric acid, on the other hand, gave very satisfactory results indeed. W ith this reagent the nucleus was especially prominently brought into view, and the protoplasm had undergone the least change. Though in many cases obvious shrinking was produced, yet as a rule the rounded contour was well preserved, and many threads remained unbroken (see Plate 70, fig. 38 ). Silver nitrate after plasmolysis with nitre, and gold chloride were also tried, but with little success.
As a result of these experiments it would appear that none of these reagents are entirely successful. In every case the protoplasm, even if killed at once, undergoes more or less shrinking, attended with great alteration of form. My results as to absolute alcohol agree with those of F lemming, who also finds that saturated picric acid, and 1 per cent, chromic acid, are preferable fixing agents for nuclear inves tigation. As to chromic acid our results differ. But whatever the reagent used, it is quite apparent that it is easier to deal with young cells, full of protoplasm, with very * small vacuoles, or no vacuoles a t all, than with large full-grown cells when large vacuoles are present.
In the latter case there is every opportunity for contraction, and there is moreover always a tendency to a dilution of the fixing fluid by the cell-sap. This being the case, any successful results with full-grown cells may be regarded as very favourable evidence for the efficacy of the reagent employed. In order to eliminate any doubt as to whether the salt solution influenced the result, analogous experiments were made with fresh tissue. The great drawback to the thorough efficiency of picric acid is that it wets the tissue with some difficulty and only penetrates after some time. This fact becomes very apparent when large pieces of tissue are used a t any time of difficult permeability attendant on peculiar histological structure. A saturated solution of picric acid in absolute alcohol to some extent obviates this difficulty, but it is not so successful as a saturated watery solution, although it appears to be a valuable reagent for ordinary work.
W ith regard to other manipulative details, it is, as mentioned above, important to cut up the material into small pieces, and also to place it at once upon cutting in the preservative medium. My usual plan, in fact, was to cut off the pulvini and allow them to drop, then and there, into picric acid, in order to avoid any loss of water due to evaporation, which as far as delicate investigations are concerned will soon very gravely affect the whole cell-equilibrium. After treatm ent with picric acid for about 24 hours the material is removed, rapidly washed with water, and placed in alcohol, the latter being changed until the yellow coloration of the picric acid is no longer obtained. Any method of preservation is, however, very imperfect. N ot only is appreciable contraction produced, but a great amount of rigidity of the protoplasm occurs due to coagulation and death. These considerations and results determined me to use fresh material, which I employed afterwards all through the investigation,* * In connexion with the experiments upon fresh material the results obtained with Spirogyra are of ome interest. They confirm those alluded to in the text. Absolute alcohol was shown to be an utter ailure. Watery picric acid was the best reagent, preserving the lenticular form of the nucleus, and demostrating the threads going to the chlorophyll bands with great success. A saturated solution of picric acid in absolute alcohol is to be preferred next, but it causes definite shrinking. The great point, however, that these experiments made evident was that throughout the entire process of preservation and staining it is necessary to keep all the solutions as nearly as possible of the same density and to avoid any rapid diffusion. Thus if it be required to put up a preparation of Spirogyra, one can first fix the cell with saturated watery picric acid. Then wash in dilute alcohol and stain with either dilute ammonia-hasmatoxylin or a dilute alcoholic solution of one of the aniline dyes. Any dense staining solution will at once cause shrinking. But after this point comes the difficulty. Dilute or strong glycerine will at once cause great shrinking, whatever be the precautions employed, and the only way which is apparently left open to adopt is to mount in such a medium as camphor water, which will cause swelling, in a dilute solution of potassium acetate or calcium chloride, or, still better, in dilute alcohol. To the latter there is the obvious objection that it will act upon most of the varnishes that are used to surround the cover glass and so work its way out. I should suggest as a varnish in this case, a strong solution of gelatine in glacial acetic acid, but hitherto I have not been able to try whether it would work. These results are, however, worth consideration.
Method o f preparation.-Experiments have shown that in order to demonstrate in the most satisfactory manner the perforation of the cell wall by protoplasmic threads, it is usually necessary that the wall should be either swollen or dissolved.
Both these methods have already been successfully made use of in the case of sieve tubes by Sachs, who employed, as his reagent, strong sulphuric acid; and by Hanstein, who used Chlor. Zinc Iod. In both cases iodine served as a stain for the protoplasm. In investigating the subject of protoplasmic continuity, I have made use of both these methods, but with important modifications. Sulphuric acid is naturally by far the more powerful: strongly swelling or dissolving the cell wall, and laying bare, as it were, the protoplasm to the action of staining reagents, while Chlor. Zinc Iod., on the other hand, when possible, is always preferable, on account of its less vigorous action, attended with less distortion of relative arrangement.
The method used by Sachs for demonstrating the actual perforation of the sieve-plate is essentially based upon the difference of reaction of strong sulphuric acid towards the cell-wall and the protoplasm. The former is partially dissolved, or excessively swollen, while the latter remains but little acted upon, and can be readily stained and examined. The usual plan has been to mount a thin section of tissue in dilute iodine solution, and when sufficiently stained, strong sulphuric acid was run in, and the observation was made. Or the section was first stained with iodine, and then mounted in sulphuric acid. But there are some objections to this method. First, the sulphuric acid is run in, once for all, and thus its action cannot be regulated. Secondly, the iodine from its very colour is not a sufficiently deep stain. Further, the cellulose blue produced; the precipitation of the iodine ; and the rapid disintegration of the tissue due to the powerful action of the acid ; cause the method to be only satisfactory in such cases as sieve-tubes, where the continuity is pronounced and the material favourable, for here the cell-walls easily dissolve, and the middle lamella is but little developed.
The modification I have adopted has been to divide the process into two parts, and to substitute aniline colours for the iodine. I propose to give a detailed account of the whole process.
A thin section of fresh material is taken up on a platinum spatula; the water is removed with blotting-paper, and a drop of strong sulphuric acid is dropped upon it by means of a glass rod. When the acid has been allowed to act for a determinate time (some seconds), depending on the nature of the tissue and the extent to which the action is required to be carried, the section is rapidly washed by immersing the spatula in a quantity of water contained in a large watch-glass, at the same time stirring, so as to wash out the acid as quickly as possible, and stop its action. Thus the sulphuric acid can be kept entirely under control. After about tw'o changes of water the section may be at once stained, or put into alcohol for future use.
The length of time that the acid requires to act naturally varies with the nature of the material used. Thick-walled tissue requires longer treatment than thin-walled, MDCCCLXXXIII. 5 N and the permeability and peculiar characteristics of the cell-wall in question must be taken into consideration; the difference of reaction being in different cases very great. If, however, the action be properly regulated, the cell-wall will be much swollen; the protoplasm will undergo a certain amount of contraction, but, at the same time, will not be withdrawn from the cell wall at those points where any intimate union exists between the wall and the protoplasm. The middle lamella will, of course, not be destroyed. If the action be allowed to proceed further, the protoplasm itself will be attacked, the cell-wall will begin to dissolve, the middle lamella will also swell ; and when in this condition will stain very deeply with reagents, thus making any satisfactory observation impossible. Experiment shows th at unless the action is decidedly forced, the cell wall, though apparently dissolved, does not in reality undergo complete solution, but is only swollen and diffluent. That this is the case may be proved by treating a washed out section with Chlor. Zinc Iod., when the ordinary blue cellulose reaction will be obtained.
The probable action of the sulphuric acid upon sections of the fresh material may now be dealt with. In the first place, the protoplasm is apparently at once killed, although, at the same time, decided shrinking occurs, owing to the great dehydrating power of the reagent. This shrunken appearance is, however, somewhat magnified, because, in addition to the contraction produced by the rapid abstraction of water, the protoplasm has also been squeezed and pressed upon, on all sides, by the swelling cell-wall. But the point which must be especially strongly brought into prominence, is the fact th at during the swelling any close relation which may exist between the protoplasm and the cell-wall appears to be maintained, a t least where such relation is at all pronounced. Thus in cases where reactions with Chlor. Zinc Iod. and iodine show that the closing membrane of a pitted cell is perforated by fine protoplasmic threads, it will be found th a t when such a cell is treated with sulphuric acid, the protoplasm projecting into the pit, and especially th at portion of it abutting on to the closing membrane, will firmly adhere to the latter, and will resist, without rupturing, a very considerable stra in ; and even if rupture should at length take place, it will seldom, if ever, occur close to the pit membrane. In attem pting to explain the appearances produced by the action of strong sulphuric acid, one must dearly bear in mind th at there are two factors to be considered, v iz.: the r61e of the protoplasm and the role of the cell wall. At the same time there is going on, not only a shrinking of the one, but a swelling of the other. Two principal objections may be very reasonably brought forward to explain the fact, that the protoplasm adheres to the pit. First, it may be said, that the protoplasm is retained and even injected into the pit by the pressure of the swelling wall. That this objection will not hold is apparent from the fact th at the same phenomenon occurs in the case of cells which have been cut into. Furthermore, the swollen wall frequently does not abut directly on to the protoplasm, but a con siderable space intervenes between the two.
Again, by the action of strong dehydrating agents a further shrinking of the protoplasm may be induced. The second and more important objection is, th at the narrowing of the pit, on account of the swelling, imprisons and firmly embraces the protoplasm in the pit cavity. In answer to this, it may be urged that the shrinking of the protoplasm takes place more quickly than the swelling of the wall, and that the protoplasm projecting into the pit would have time to withdraw before being imprisoned. In deep pits of small diameter, it is indeed possible that the narrowing of the cavity does play some definite part, but whether this be so or not, experiment proves th at the protoplasm also adheres to pits which are shallow, and moreover possess sloping sides. In this case, any such explanation could hardly be brought forward. Lastly, it must be remem bered th at the action of the sulphuric acid is carefully regulated, and is not carried to an extreme limit, and th at the results obtained with this reagent have been fully confirmed with Chlor. Zinc Iod. A ll the preceding remarks as to the action of sulphuric acid apply only to the cases in which fresh material is used, since here the protoplasm has not been rendered brittle by any preliminary treatm ent with reagents, and consequently has undergone as little alteration as possible, and will not break when any slight tension is set up. After treatment with sulphuric acid, and washing out with water, the section may be stained with iodine, as in the usual process; but I used in preference, and with greater success, analine dyes, especially the violet and blue.
In my earlier experiments I used H ofmann's violet ( ) as the staining reagent. In the first place, H ofmann's violet is a dye which, ol all others, is extremely rapid in its action, quickly and thoroughly permeating the tissues. Again, it works extremely well with sulphuric acid, being soluble in, and hardly affected by this reagent, as far as all its staining properties are concerned. Thus one need not take such care to wash out the acid before staining; for, although when the proportion of acid is large the H ofmann's violet is temporarily turned green, yet on subsequently washing with water before mounting in glycerine, the violet colour is restored. The whole process may, indeed, be done in one operation, for the solid dye may be dissolved in strong sulphuric acid; the mixture furnishes a dark brown-yellow solution, The section is now simply treated with the mixture, and then washed well with water. The above method gives extremely satisfactory results with sieve-tube preparations; and, moreover, any lignified tissue wdiich happens to be present is coloured gold yellow, as in the ordinary aniline sulphate reaction.
To the use of H ofmann's violet there is, however, the great objection that the whole of the tissue-protoplasm, cell-wall, middle lamella, and pit-membrane is stained. If, however, the stained section be treated for some long time (three to four days), with dilute glycerine the dye in the cell-wall, middle lamella, and pit-membrane dissolves out, whereas that staining the protoplasm remains but little acted upon. This lengthy manipulation is an obvious objection, but nevertheless H oimanns violet often gives extremely satisfactory preparations, and by mounting the section m 5 N 2 strong glycerine, the middle lamella may be made almost transparent; and when in such a condition will no longer present any hindrance to successful observation. But the better and more reliable reagent is H o fm a n n 's blue.* As a result of numerous experiments I am able to state that this dye is a particularly satisfactory reagent for staining the protoplasm alone, and as such is of extreme value for botanical research, and supplies a long-felt want. I find th at it works best after treatm ent with picric acid, and th at unless the solution in alcohol be too strong or the staining be decidedly forced, there will be little if any coloration of structures other than proto plasm. But when H o fm a n n 's blue is used, the washing-out of the sulphuric acid must be carefully attended to, for the two will not work together as in the case of H o fm a n n 's violet.
After staining, the section is well washed with water and mounted in dilute glycerine. Such was the method I used in my investigation upon the structure of pulvini. Having thus dealt a t some length with sulphuric acid, I must now proceed to describe in the same way Cblor. Zinc Iod.
The action of this reagent is well known. I t causes a swelling up of the cell-wall, and at the same time colours the cellulose blue. I t is, however, much less violent in its action than sulphuric acid, causing but little distortion of form or displacement of relative arrangement. There is simply a slow and regulated swelling. Sections may be at once treated with Chlor. Zinc Iod., or may be first stained with iodine which helps as it were to accentuate its differentiating powers. The easy manipulation attending the use of Chlor. Zinc Iod., its high refractive index, and the satisfactory manner in which its gradual action may be observed, cause it to be one of the most valuable reagents employed in botanical research. For the demonstration of the presence of protoplasmic threads running through the thickness of the cell wall. TanglI first used Chlor. Zinc Iod. in his investigation upon the endosperm cells of Slrychnos, P h o e n i x , and A r e c a. The sections were first stained with * Under the somewhat loose term aniline blue, are frequently included and described by writers a number of salts which are obviously perfectly distinct, both as regards chemical and physical characters. For example, there is soluble or water blue, insoluble blue, gentiana blue, phenylene blue, benzyl blue, methylene blue, cyanine or chinoline blue, H ofmann's blue, besides others, Bavarian blue, Capri blue, &c., some of which are patented products of the various aniline-dye manufacturers. Frequently any given dye obtained from one maker will absolutely differ in staining properties from that of the same name obtained elsewhere. This being so, it is necessary to state very clearly the exact name and maker of any of the so-called aniline blues that may be made use of. I first used H ofmann's blue at the Wurzburg labora tory, and to the kindness of Professor S achs I am indebted for the information that it is known as H ofmann's blau (anilin blau), and may be obtained from Morelli, Druggist, &c,, Semmel Strasse, Wurzburg. A tolerably strong solution is made in 50 per cent, alcohol, to which is added a drop or two of acetic acid. After staining, the section is washed with water and mounted in dilute glycerine or glycerine jelly. I find that when dyes are dissolved in solutions containing a higher percentage of alcohol than that named above, most dyes will lose their selective power for particular structures, and will begin to stain all tissues alike. These results are confirmed as regards animal tissues by Dr. mounted in Chlor. Zinclod. The cel]-wall is coloured yellow; the protoplasm and the protoplasmic threads a dark brown. The success of the reaction depends upon the fact that when cellulose has experienced a loss of water, and has become dry as in the case of ripe endosperms and other dry tissues, the Chlor. Zinc lod. will not at first give the usual blue coloration. I t is only after some considerable time that the section will begin to turn blue, or if the cell-wall be very thick or very dry, the blue colour may not be produced at all, but only a yellow brown, which is frequently increased in depth by the precipitation of iodine attending such lengthy action. Sections of a germinating seed of Phyteleplias furnish an excellent proof that the assumption of the blue colour on treatment with Chlor. Zinc Iod. depends upon hydration, for whereas the normal cells will give a yellow colour, those which are being encroached upon by the absorbent foot of the growing embryo, and are being broken down and at the same time thoroughly wetted, will give in a peculiarly characteristic manner the customary blue cellulose reaction. But usually in sections of ripe endosperms the cell walls become yellow, and the protoplasm colours dark brown. In most cases nothing can be seen at first of any threads in the cell-wall, but after some time (varying from a quarter of an hour to one hour) they gradually come into view and are moreover apparently increased in size by the gradual precipitation of iodine upon them due to the action of the Chlor. Zinc Iod.
One great objection to this method is that when fresh tissue or thin walled tissue is used, the ordinary blue cellulose reaction occurs which totally obscures the threads from view, and makes all observation of no avail. Moreover, no permanent prepara tions can be made. My first idea was to employ the same modification as I had adopted in the case of sulphuric acid and use H ofm ann's blue instead of iodine. W ith this, however, I at first experienced some difficulty. T a n g l * found in Strychnos that when he had swollen the walls with water and could see the threads with dilute iodine solution, he was unable to stain them with any ordinary dye, such as hsematoxylin or carmine. In the same way I found that after the action of iodine and Chlor. Zinc Iod. I could not succeed in staining the threads with any solution of aniline colours. In consequence of this I made a number of experiments with . I found that although no dyes would demonstrate the threads, yet with solutions of such coloured bodies as gold chloride, picric acid, chromic acid, and iodine, they became more or less clearly apparent. I t will be noticed that all these substances are welldefined crystalloids, whereas most of the aniline colours are inclined to be colloidal or, at least, are crystallised with some difficulty. This suggested that the whole phenomenon was simply a m atter of diffusion, the solutions of crystalline bodies apparently permeating the substance of the cell wall (crystalloid), but especially diffusing into the protoplasm (colloid), and in the same way the solution of the colloidal aniline dyes diffusing but little or not at all into the colloidal protoplasm. In conse quence of this conclusion I made the experiment of dissolving the solid H o fm an ns blue in a 50 per cent, alcoholic saturated solution of picric acid, under the supposition that the latter might mechanically carry with it into the tissue the dissolved aniline dye, and that on washing out the picric acid with water, the protoplasmic threads would be left stained.
Such treatm ent I found to be perfectly satisfactory, the threads running through the cell-walls and, indeed, the whole of the protoplasm being stained blue, while the cell-wall either remained quite uncoloured or, if the action was forced, coloured but slightly, and to a much less extent than the protoplasmic threads which could still be easily recognised.
As regards the action of picric acid, experiment seems to show th a t in addition to being one of the most valuable preservative media, it also restrains the coloration of the cell-wall by solutions of such a dye as H o f m a n n 's blue, which though a special stain for the protoplasm, will upon lengthy action stain the cell-wall also. Thus, if two sections be stained, one of alcohol material and the other of material which has been treated with picric acid previous to preservation in alcohol, in the former the cellwall will be definitely stained, while in the latter little, if any, coloration will occur. Thus, the action of the picric acid is of twofold significance, not only serving as a vehicle for the passage of the H o f m a n n 's blue into the minute protoplasmic fila ments, but also restraining at the same time the coloration of the cell-wall.
I t now only remains for me to describe in detail my method of manipulation with Chlor. Zinc Iod. and the picric acid solution of H o f m a n n 's blue. Sections of fresh material are cut in water and placed in ordinary iodine solution until they are well stained. They are then taken out by means of a platinum lifter, the iodine solution is removed with blotting paper, and they are mounted in Chlor, Zinc Iod. In those cases where the blue colour is not produced until after some time, it is usually possible to see something of any threads th at may be present, and thus many very conclusive observations may be made prior to staining with picric-HoFMANN's-blue. In fact, treatm ent with iodine will often bring out clearly many points th at H o f m a n n 's blue will not, such as a satisfactory demonstration of the passage of the threads through the substance of the middle lamella, where the lamella is well developed. Further, the threads appear thicker than with H o f m a n n 's blue, and in any case the treatm ent will give some idea of what one may expect to see after staining with the aniline dye. The time th at Chlor. Zinc Iod. requires to act depends greatly upon the character of the tissue. W ith many dry endosperms and other cells with thickened walls it will take as long as twenty-four hours to thoroughly permeate the tissue. In my own experiments I was in the habit of mounting in Chlor. Zinc Iod. op one morning and staining on the following day. If not allowed to act for a sufficiently long time, it will be found that while some portions of the walls are swollen, others are hardly acted upon, and that the difference of refractive index of these two portions will give a very confusing appearance to the whole section, and very greatly hinder successful observation. Experiment alone can decide the time required for the complete action; the only point of importance requiring attention is that the reagent should be allowed to act long enough.
After treatment with Chlor. Zinc Iod. the section is well washed in water until the blue or brown colour (as the case may be) has disappeared. I t is then placed for about a quarter of an hour in the picric-H ofmann's-blue solution, and after being well washed is mounted in glycerine or glycerine jelly.
As before mentioned, the staining solution is made as follows : To 100 cub. cent, of strong alcohol (e.g. about 90 per cent, strength) is added an equal bulk of distilled water. The resulting solution is saturated with picric acid, and H ofmann's blue is added, until the liquid is of a dark blue-green colour. I t is then filtered.
I used the method with Chlor. Zinc. Iod. almost entirely in my researches upon the structure of endosperm cells.
I did not discover the picric-HoFMANN's-blue modification until I had finished my work with pulvini. Thus, the results with pulvini rest mainly on the sulphuric acid modification.
On
the nature of the pit membrane.
If a thin section of almost any tissue be treated with Chlor. Zinc Iod. it will be seen that the walls of almost every cell are distinctly pitted.* These pits are brought into prominence from the fact that whereas the thicker unpitted portions of the cell wall give a well-defined cellulose blue reaction, the thin pit-closing membranes stain but slightly, or in some cases apparently remain quite colourless, f Indeed, so common is this pitting, which the above-mentioned reaction demonstrates, that it would be a statement little short of the tru th to say th at every cell whatsoever, is pitted to a greater or less degree. Moreover, the closing membrane of the pit itself may also be pitted, as in the seed of Lupinus hirsutus, &c. As a rule, it is only in the case of thin walled cells that it is necessary to apply any reagent to bring this pitting into view, for the more the cell wall increases in thickness the more pronounced does the pitting become, until its appearance is at length so marked that we are accustomed to speak of it as a pitted cell par excellence. It is a point of special interest to note that in two adjoining cells * any unequal thickening th a t may occur always takes place symmetrically on either side of the first formed cell-wall, and in such a way that the two pits which are formed in consequence are exactly opposite one another. Among many other examples, the thickened cells of hard endosperms and the paren chymatous tissue of all pulvini exhibit this structure to a high degree, and since it was probable th at by means of these pits a communication between adjacent cells was established, the study of the nature of the pit-membrane becomes one of great import ance. The result of experiments with various staining reagents may now be detailed.
As at first mentioned, Chlor. Zinc Iod. usually stains the pit membrane but little.t Instead of treating the section with this reagent alone, better and more decisive results may be obtained by first soaking the tissue in iodine, then rapidly washing to get rid of the extraneous iodine which would otherwise be precipitated over the tissue, and then mounting in Chlor. Zinc lod., or the section may be first treated with Chlor. Zinc Iod., then washed and mounted in iodine solution. This gives good results in cases where protoplasm is left sticking to the pits as in the parenchyma cells of the pulvinus of Amicict or the endosperm cells of Bomarea.
Methyl violet gives very striking, and at the same time is apt to give very decep tive results. W hen a washed out section of pitted tissue th at has been exposed to the action of sulphuric acid is treated with this reagent the whole of the tissue becomes rapidly stained. The protoplasm is coloured a deep p u rp le; the cell-wall is stained v io let; and the closing membrane and sides of the pit are brought into prominence since they assume a purple colour, somewhat lighter than th at of the protoplasm. The middle lamella also stains deeply. Now in a m uch-pitted tissue, e.g., th at of a pul vinus, the cell wall after treatm ent with sulphuric acid usually becomes much swollen, causing an elongation and a t the same time a narrowdng of the pits, and may, more over, in its swollen condition closely invest and surround the protoplasm. W hen such a section is treated with methyl violet, the deeply stained tubular pits, being placed symmetrically opposite one another on either side of the common cell wT all, abut on the shrunken and similarly stained protoplasm, and give the impression that a distinct and well-defined continuity exists from cell to cell. Thus in the most beautiful and striking appearance is produced which is further heightened by the fact th at pro cesses from the main protoplasmic mass usually go for some distance into the pits. (See Plate 68, fig. 10 .) If, however, the section be treated for some time with dilute glycerine, the colour is dissolved from the cell wall and the pits and the protoplasm alone remains stained, thus making the real state of things apparent.
The reaction with methylene blue is perhaps the most characteristic. W hen a section is stained with this reagent before treatm ent with sulphuric acid, the cell wall and the pit membrane will be deeply coloured, the protoplasm being left unstained. If, however, the section be first treated with the acid, then washed, and stained with methylene blue, only the closing membrane and the sides of the pits will be stained (see Plate 68, fig. 8 ), unless the action of the sulphuric acid be forced. Both the protoplasm and the rest of the cell-wall undergo scarcely any coloration. *Thus methylene blue, apart from its great value as a stain for cell-wall, becomes by this modification a reagent for pit membrane. Naturally Hofmann's blue stains neither the cell-wall nor the substance of the pit membrane. The whole results of my investigation appear to point to the conclusion that the staining of this reagent is specially confined to the protoplasm. In the case of many palm endosperms, where after the action of Chlor. Zinc lod. and picric-HoFMANN's-blue threads can be observed going through the closing membrane of the pits, it is the threads which are specially stained, and are in consequence defined from the substance of the pit membrane. Indeed, so characteristic is the staining of H ofmann's blue, that experiment seems to point to the conclusion that in those cases where a staining of the pit membrane occurs, such staining points to the presence of protoplasm.
There is, however, another special structure which is also stained by H ofmann's blue, and which can be distinguished from protoplasm by its solubility in strong sul phuric acid, viz.: the callus of sieve-tubes. I t was Bussowt who first used aniline blue as a reagent for callus, and even combined it with Chlor. Zinc Iod. As I did not know what particular blue Bussow used, I made a number of experiments with the various blues I had at my disposal,| with the result that the special staining of the callus was confined to two of them, v iz.: H ofmann's blue and water or soluble blue, one of which it is pretty certain that Bussow employed.
W ater blue is only second to H ofmann's blue in th at it also especially stains protoplasmic structures. Now the properties of callus are somewhat peculiar. § W ilhelm showed that it was soluble in sulphuric acid, and insoluble in ammoniacal oxide of copper. In the former respect it resembles cellulose, and indeed its mode of formation-arising as symmetrical warts on either side of the cell wall-as described by J anczewski,|| and confirmed by Stras-BTJRGER,1f certainly give some colour to this idea.':H' On the other hand, unlike cellulose it * * * § * * * After keeping the section for a long time in dilute glycerine, staining of the protoplasm does take place since the glycerine dissolves the dye. This solution ultimately stains the protoplasm. 
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5 O is insoluble in ammoniacal cupric oxide, and moreover it gives with Chlor. Zinc Iod. not the customary blue but an intense red-brown coloration. Lastly, the result with H ofmann's blue appears to point to a protoplasmic character, opposed to which con clusion is the fact th at it dissolves in sulphuric acid. Thus the question appears to be, whether it is related to protoplasm or to cellulose, or whether it consists of a modified cellulose basis permeated by a protoplasmic structure.* This, however, minute study of development alone can decide, but the point I wish to bring forward is the fact th a t it is coloured by dyes which especially stain the protoplasm.
There is a curious parallelism in the action of callus towards H ofmann's blue and of pit membrane towards methylene blue, after treatm ent with the same reagent (viz. : sulphuric acid) which may perhaps be worth mention.
I f a section of a second year stem of e.g., be treated with H ofmann's blue it will be found th a t both the protoplasm and the callus will be stained. If, however, sulphuric acid be allowed to act before staining, the callus will naturally be dissolved and will no longer colour, and only the protoplasm will be left stained.
I f in the same way a section of pitted tissue, e.g., pulvinus of Robinia, be treated with methylene blue, both the cell wall and the pit membrane become coloured. B ut if the section be first treated with sulphuric acid, the swollen or dissolved cell wall will remain unstained and only the closing membrane and the sides of the pits will alone be stained blue. Now, if it be allowed th a t callus may be regarded as altered protoplasm, it might be suggested from the foregoing reactions th a t cell wall is to be looked upon as altered pit membrane, or rather th at pit membrane is to be regarded as consisting of cell wall that has retained its original properties and has undergone comparatively little chemical change. However, I prefer a t present to draw no definite conclusions from these observed phenomena but merely desire to put forward the facts.!
On the structure o f
Having thus treated of the methods employed, and made some remarks as to the nature of the pit membrane, I am now in a position to proceed with the description of my investigation of the structure of pulvini. This work was commenced in the W urzburg laboratory in the month of July, 1882, under the direction, and at the suggestion, of Professor Sachs.
I studied in detail the pulvini of Mimosa Robinia , Amicia * See Russow's observations on Abies Picta, ' Stzb. d. Dorpat. Naturf. Gesell.,' 1881, p. 70. Also S trasburger, ' Bau und Wachsthum,' p. 60. Russow (' Stzb. d. Dorpat. Naturf. Gesell.,' Feb. 17th, 1882) , like myself, in contradistinction to J anczewski (' Mem. de la Soc. des Sc. Nat. et Math, de Cherbourg.,' vol. xxxiii., p. 209, 1882) , believes that the reactions of callus point essentially to its protoplasmic nature.
f I find in reality that the above reaction of the pit membrane with methylene blue takes place in consequence of the fact that the membrane is more resistant than the rest of the cell-wall. Whether this is in consequence of the presence of protoplasm in its structure remains to be proved. This S trasburger also found to be the case. See ' Bau und Wachsthum,' p. 16. zygomeris, and Phaseolus multiflorus. I do not intend in the present paper to e into any discussion with regard either to the nature of irritability or the phenomena of movement of which these plants serve as illustrations, but merely to confine myself to such structural detail as is necessary for the clear comprehension and significance of my results. The principal literature of the subject has been collated by P feffer,* to whose researches and those of SACHst we owe the greater part of our knowledge of what is one of the most interesting phenomena of plant life.f Mimosa pudica.-As a rule the main pulvini at the base of the petiole of the leaf were chiefly made use of on account of their larger size and consequent easier manipulation. The secondary and tertiary pulvini, however, gave the same result. Thin longitudinal and, as far as possible, axial sections of the fresh material were taken, since the unequal contraction and puckering-up of the tissue due to the tensions produced by the violent action was not so great as in transverse sections.
As regards its anatomical structure the pulvinus shows a thin vascular bundle surrounded by a thick layer of parenchymatous cells. The epidermis is not pro nounced and the epidermal cells have undergone very little, if any cuticularisation. For the most part confined to the underside of the pulvinus are several long stifl multicellular hairs.
Immediately under the epidermis the cells are small, as are those immediately surrounding the bundle, and between these two layers occur the cells of maximum size (see Plate 68, figs. 1 and 3), From the hypodermal cells inwards the intercellular spaces, which are at first inconspicuous, become more and more apparent, until in these cells around the bundle itself a system of large communicating air spaces exist (Plate 68, figs. 3 and 4). The vascular bundle is arranged on the concentric type, the phloem being outermost and surrounding the xylem. In the phloem the walls of the prosenchymatous cells are greatly thickened and very highly refractive; the middle lamellae between them are also almost inconspicuous (see Plate 68, fig. 1 ), the structure of which is similar to that of Mimosa, The cell-walls of the upper half of the pulvinus are thicker than those of the lower, which moreover is the side towards which the bending takes place, and this rule is followed in the secondary and tertiary pulvini also, viz. : that the cells of the side which becomes concave on bending, have always thinner walls than the side which becomes convex, so that whereas in the main pulvini the underside has the thinner walls, in the pulvini of the leaflets the reverse is the case. The parenchymatous cells each contain a number of chlorophyll granules and a nucleus. One or more drops of tannin are also present, § which can be well seen, * * * § 
o 2
by staining the section with methyl violet, and washing with alcohol. The dye is then dissolved from everything but the tannin drops. W ith osmic acid they also stain a blue-black and with chromic acid a brown-yellow. The latter reagent, how ever, affects the protoplasm as well, and thus does not allow7 the individual drops to be distinguished. On treating with Chlor. Zinc Iod. it becomes apparent that the parenchymatous cells are freely pitted, each such pit being so little stained as to appear quite trans parent, thus presenting a marked contrast to the ordinary deep cellulose blue of the rest of the cell-wall. The pits, as a rule, are somewhat shallow and of small diameter except in those cells bordering on the vascular bundle, which from their peculiar con figuration in consequence of the presence of large intercellular spaces exhibit on their walls pits of much larger size (Plate 68, fig. 4 ). The pits are greater in number on the longitudinal than on the transverse walls. The thin pit membrane between two cells is, except under very favourable circumstances, extremely difficult to observe in the unstained condition. I t is perhaps brought out most clearly by staining the proto plasm with H ofmann's blue when the unstained wall will be seen as a thin colourless membrane separating the protoplasm of one cell from th at of the other.
Even with the most favourable section there is no indication of the existence of any connexion between the protoplasm of neighbouring cells. Deep staining with iodine or with H ofmann's blue shows the outline of the protoplasm to be well defined and sharply limited by the cell-wall at all points.
B ut if the wall be swollen with sulphuric acid, and after washing stained with iodine, methyl-violet and glycerine, or H ofmann's blue, it will become apparent th a t a definite communication between the cells does exist, and th at such communication is established by means of the pits (Plate 68, fig. 5 ). The appearance of a well-prepared section is extremely characteristic, reminding one to some extent of a gold chloride pre paration of corneal connective-tissue cells. The protoplasm, as it has contracted away from the cell-wall, has adhered to the membranes of the pits, at those points in the cell-wall where pits are p resen t; and in consequence, the whole section presents the appearance of a number of stained and interconnected irregularly-shaped stellate masses, for the narrow processes of any one mass unite at their apices with those proceeding from the neighbouring masses, thus exhibiting a well-defined reticulate arrangement. The reason that the processes proceeding from the masses of two contiguous cells are opposite one another obviously depends upon the symmetrical deve lopment of pits on either side of the cell-wall (Plate 68, fig. 3 ). B ut th at the relation between two such processes is of the most intimate character is quite evident from the fact th at in many instances it appears th at an optical continuity exists between them, thus establishing a means of communication between cell and cell (Plate 68, fig. 5 ).
Successful sections are somewffiat difficult to prepare, for if the sulphuric acid does not act sufficiently long, the cell-wall is either little or not at all swollen, and when in this condition cannot be permeated by the dye, and if the action has been allowed to proceed too far, the protoplasm is attacked and the delicate connexions soon become obliterated. Moreover, at the same time the middle lamella becomes swollen and will deeply stain, which of all things is to be avoided. A regulated action of the acid gives the best results, and if the protoplasm be not sufficiently shrunk to show up the processes to the best advantage, the section need only be mounted in strong glycerine which will soon bring about the desired effect. Even in one and the same preparation, though a successful one, the acid may have acted unequally, due, it may be, to varying thickness of the section, and thus the different results produced by the acid may be observed at the same time. However, in a well-prepared section, where the action of the acid has been properly regulated, plain examples of continuity are apparent. Upon longer treatm ent, the further shrinking of the protoplasm causes a greater tension to be exerted upon the processes and rupture ensues. This frequently occurs, but the rupture nearly always takes place on one or both sides of the point where the thin thread-like process crosses the middle lamella, and seldom at the point itself. Thus the threads cannot be said to be merely pulled out of the pits, for rupture takes place in such a manner th at a longer or shorter length still remains in the pit cavity.
Finally, when the action of the acid has been carried too far, the processes appear to have been partially destroyed, and but few can be traced as far as the swollen and now deeply-stained middle lamella. Many of the processes appear to be directly and uninterruptedly continuous from cell to cell, whilst others are swollen at the point where they cross the middle lamella. In other cases between the two ends of the strongly-stained processes there is a lighter-stained portion, which connects the two This lighter-stained area exhibits a haziness and appears to be somewhat indistinct, although well defined from the rest of the swollen cell-wall, and clear enough not to be confounded with the middle lamella (Plate 68, fig. 5 ). Again, when the protoplasm is but slightly contracted, and but little tension has been exerted on the threads, the point of junction of the two threads is both slightly swollen and also coloured darker than the rest. In spite, however, of the fact that in several cases direct continuity appears to exist, I am strongly of opinion, both from analogy and from such appearances as I last described, that in reality a sieve-plate arrangement occurs. I t must be borne in mind that the difficulties of examination are great, both on account of the smafiness of the pits and the thinness of the pit membranes, but in any case we cannot imagine that the threads go bodily through the pit, for were it so, the pits would not possess a closing membrane, and ordinary staining would soon demonstrate the existence of the protoplasm, by which the pit was perforated.
Although P e e f f e r V 5 -results appear to prove that it is the underside of the pulvinus which is especially sensitive, I have not been able to establish any difference between them as far as histological evidence goes. Nor is this to be greatly wondered at, for the method for such a discrimination is essentially rough, and one would hardly expect such physiological differences to be made apparent by a somewhat coarse histological treatment. Certain cells occur scattered about in the tissue which are both larger and stain more deeply than their neighbours, but the latter phenomenon may be, and probaby is, caused by the presence of tannin. In the parenchyma of both the upper and lower side of the pulvinus the connexion appears to be more pro nounced in the cells of the middle layer than it is in those either next the epidermis or next the vascular bundle; and since the cells are more freely pitted on the longi tudinal than on the transverse walls more connexions exist through those of the one than of the other.
W ith regard to the middle lamella there is some difficulty, unless very careful preparation is adopted. I t will in any case stain, the depth of the staining depending upon the action of the acid and of the dye, and if the treatm ent with the one or with the other be forced, the great coloration of the lamella will so obstruct the view th at it will be impossible to see with certainty whether or not a distinct continuity of the protoplasmic processes occurs. The difficulty may, however, in a great measure be removed by long treatm ent with strong glycerine, which both dissolves the greater portion of the colouring m atter from the lamella, and at the same time renders it sufficiently transparent for a decisive observation to be made.
The bast fibres of Mimosa are of peculiar interest with regard to this question. The middle lamellae between these cells are so little developed th a t they are re cognised with some difficulty, and which is an important fact, do not stain at all. Consequently, the additional factor of difficulty, th at the presence of a well-developed middle lamella involves, is here done away with. Each bast cell is freely pitted, the pits of neighbouring cells being placed symmetrically opposite one another. W hen treated with sulphuric acid and stained in the usual manner the following appearance is produced. The pit membranes being somewhat thick have distinctly swollen, and in so doing have increased the distance from one another of the ends of the proto plasmic processes projecting into the pit cavity. All the processes are deeply stained, and between each symmetrically opposite pair is a small less stained portion tra versing the pit membrane, which from its reactions must be protoplasm. Thus it stains with iodine, and when coloured with methyl violet is not dissolved by glycerine (Plate 68, fig. 6 ). I t is also well brought out by H ofmann's blue, the staining characters of which have already been sufficiently dwelt upon. That it is not callus is clear from the fact th a t it does not dissolve in sulphuric acid. The structure traversing the pit membrane is somewhat difficult to observe, both on account of its very small size and its want of definition. Indeed, it rather presents the appearance of a small blue cloud between the ends of the deeply-stained and welldefined processes.
The protoplasmic processes projecting into the pits are broad at their extremities, and are at the same time more deeply coloured at that point. They gradually taper off from the bottom of the pit inwards, widening again as they join the general proto plasm of the cell. Each pair of processes with their above-mentioned broad ends and the cloud between them forcibly suggest a sieve-tube arrangement, and from analogy, as I shall point out later on, I believe that such is the case. I have, however, with the highest powers at my disposal been unable to resolve the stained structure traversing the pit membrane into fine lines as I had hoped to do, although the whole appearance is most strongly suggestive of a striation, the direction of which is parallel to the long axis of the pit. However, it seems certain that there is a protoplasmic communication which can be plainly seen, and is not complicated by the presence of a stained middle lamella.
Thus it appears tha.t from the epidermal cells right up to the last living bast fibre which impinges on the first dead vessel a direct continuity from cell to cell has been established, and that such a pulvinus may be regarded as a connected whole.
Robinia pseudacacia.-As in Mimosa, thin axial, longitudinal sections of the main pulvini were examined. Fresh material was used in every case, and after treatment with sulphuric acid the sections were stained with either H o fm a n n 's violet and glycerine, or with H o fm a n n 's blue. In fundamental structure the pulvinus of this plant resembles that of Mimosa. Hough examinations show that it is much larger, and that its surface is quite smooth and free from hairs. The cells do not appear to be so freely pitted, nor is tannin so abundant. In many of the cells which'are scattered about the tissue, and are smaller than their neighbours, are crystals of calcium oxalate, which can be well seen embedded in the protoplasm of the containing cell. The cells in certain cases possess more than one nucleus. The nuclei are large and well developed, and are brought into prominent view in the case of tissue which has been previously treated with picric acid.
After treatment with sulphuric acid it can be seen that, in a well prepared section, the cells present very much the same appearance as those of Mimosa (Plate 68, fig. 7 ). The continuity existing between the processes is not as pronounced as in the former case, and the appearance of threads going straight and uninterruptedly through the pits is not so frequent (Plate 68, fig. 7 ). On the contrary, there is more indication of the exist ence of a sieve-plate-arrangement, which is very marked in those cases which admit of successful observation. Frequently at the point of junction of two processes there is a distinct and well defined swelling which stains perceptibly lighter than the very darkly stained threads, which it connects one with the other. I t can clearly be distinguished from the pit membrane and the middle lamella, and can almost certainly be resolved into a striated appearance, although the observation cannot perhaps be regarded as perfectly conclusive or perfectly satisfactory. In consequence of the presence of fewer pits on the cell walls the interconnecting protoplasmic processes are fewer in number than in Mimosa. The bast fibres present the same appearance as those of Mimosa, although the appearance, on the whole, is not so marked. The secondary pulvini display essentiallyt he same structure as the main pulvinus of the whole leaf, with the exception that the number of tannin cells is very much greater. * W hen stained with chromic acid the protoplasm of the tannin cells exhibits a distinct appearance of reticulation, but from what cause I am at present ignorant.
Amicia zygomeris. -The pulvinus of this highly interesting plant was pointed to me by Professor S a c h s as well worthy of investigation. As a most striking example of both periodic and irritable movements this plant has apparently escaped general observation. I t is particularly sensitive to alternations of day and night, and assumes the sleep position long before even such plants as Robinia. If violently shaken the leaves will, after a time, fall, and will be similarly affected some time after being cut and placed in w a te r: the large size of the leaves rendering the least movement very conspicuous. Since it was the secondary pulvini th at were especially movable, and they were, at the same time, of a comparatively large size, I used them in preference to still larger main pulvinus.
The chief characteristics of the pulvinus tissue of Amicia are the thinness of the walls of the parenchymatous cells, the extremely unlignified character of the vascular bundle and the remarkable development of a system of large pits, which is in this case extremely pronounced.
The whole tissue is very succulent, and easily admits of thin sections being cut (Plate 68, fig. 9 ).
On treating with iodine and Chlor. Zinc Iod. the pits are, as usual, markedly brought into view. From the contrast of the deep blue coloration of the walls with th at of the pits, it appears, a t first sight, th at no staining of the latter has taken place. Sections transverse to the pit, however, show th at both a very slight staining of the pit-membrane has occurred, and th at the membrane is extremely thin. In some of the pits small masses of protoplasm may be recognised sticking to the pitmembrane, being brought into view in consequence of their brown staining reaction. The pit-membrane is well stained by methylene blue. Scarcely any difference can be detected between the thickness of the cell-walls on the upper and under sides of the pulvinus. Except ju st beneath the epidermis, and next the vascular bundle, the cells are relatively large. The layer of protoplasm (primordial utricle) lining the cell-wall is thin, and the central vacuole is large. In consequence of this, very great shrinking of the protoplasm is possible, and experience shows that the successful preservation of this tissue is extremely difficult. Any reagents causing the least diffusion very soon affect the protoplasm, and the only at all successful treatm ent is brought about by * The fact deserves notice that in the cases where the protoplasm displays any great activity of function, the cells of such a tissue usually contain tannin. For example, pulvini of Mimosa , Desmodium, &c., leaf of Rioncea, Drosera. Again in galls, where a stimulation of the protoplasm followed by rapid growth occurs. Notice that in Robinia it is the pulvini of the leaflets that move more than the main pulvinus, which have the greater quantity of tannin. The effect of tannin in producing aggregation is dealt with by A. F. W . S chimper (' Bot. Zeit.,' 14, 1882) On Tannin. See also Gardiner " On the General Occurrence of Tannin in the Vegetable Cell, and a Possible View of its Physiological Significance," Proc. Camb. Phil. Soc., vol. iv., pt. vi., and Bot. Central. Bd. xvi., No. 48, p. 258. means of saturated, watery, picric acid. Absolute alcohol is quite unsatisfactory. In the same way sulphuric acid causes very great contraction, the processes being usually ruptured, and nearly always pulled perceptibly from the pit membrane.
The cell-walls possess th at peculiar semi-horny structure which is equally shared by so many of the Leguminosse, and swell greatly with sulphuric acid. The delusive and at the same time very beautiful effects obtained by staining a section after treatment with sulphuric acid with methyl violet have already been dealt with under the head of pit membrane (Plate 68, fig. 10 ). As there mentioned, the bottom and sides of the pits are markedly stained by this reagent in a way somewhat similar to that of the protoplasm, and at first sight the appearance suggests that the cells are freely connected -the one with the other-by unbroken protoplasmic threads. The whole structure is remarkably like that of an enlarged representation of free cell formation. However, on treating the section with glycerine, all the deception disappears with the solution of the colouring matter, and it will then become apparent that in reality the connexion is neither so well defined nor so pronounced as in the case of Mimosa and Robinia (Plate 68, fig. 11 ). In no instance, so far as I can ascertain, do the processes approxi mate to one another in the unbroken way in which they appear to do in Mimosa. In the larger cells occupying the middle layer between the epidermis and vascular bundle, the protoplasm is either entirely pulled from the pit membrane, or the processes which at first connected the protoplasm of the pit with the general protoplasmic mass are ruptured so as to leave a short portion only sticking to the pit membrane. In the four last layers of cells which abut on to the vascular bundle where the cells are smaller with thicker walls and smaller vacuoles, it will be seen that although shrinking has taken place, yet the whole appearance of contraction is not so great although the protoplasm projecting into the pits has, as a rule, been pulled from the pit mem brane. In the swollen pit membrane between the two symmetrically placed processes the same stained structure is apparent as occurs in the bast fibres of , although the whole appearance is much more marked (Plate 68, fig. 11 ). The stained portion as before, and more markedly, suggests an appearance of striation, but with the strongest powers at my disposal, consistent with clear definition, I was unable to resolve the structure into fine threads. All that one can say is th at its reactions point to its protoplasmic nature. In such of the other cells of the larger celled tissue as could be favourably observed, the same structure was present. I t may here be mentioned that in cases, e.g., Phoenix (Plate 69, fig. 13 ), where with a high power a sieve plate arrangement can be seen, and the threads clearly made o u t; with a low power the same appearances are produced as in the case in point, or as in bast fibres, and it seems probable that here a sieve plate arrangement does in reality occur.
The staining of that portion of the pit membrane which colours with aniline blue or which is left stained by methyl violet after prolonged action of glycerine, must not be confounded with the coloration of the bottom and sides of the pit which occurs with methyl violet alone or with methylene blue after the action of sulphuric acid. In mdccclxxxiii.
5 p the latter instance the pit, as a whole, stains. In the former it is the staining of a substance other than pit membrane which runs through the latter, and which, by its different reactions, is to be separated from the pit membrane itself. Its reactions, as before-mentioned, point to a protoplasmic character.
Experiments were made with other pulvini and other organs of similar character, the results of which are detailed below. The experiments were somewhat hurried as the season was late, and although, to the best of my belief, the results are accurate, yet I do not regard them as perfectly conclusive, and I must work over the subject in detail on a future occasion. Phaseolus m u l t i f l o r u s appears to be connected as Desmodium gyrans resembles Mimosa in structure. Dioneea m u s c i p u l a .
-Sections of the tissue next the vascular bundle showed the cells to be connected as in Mimosa. In the epidermal and sub-epidermal layers this structure was especially evident, and some processes were seen uniting the glands with the cells.
Stamens o f Cynara.-The lengthy oblong cells surrounding the central bundle appeared connected one to another principally through their end walls, in a manner almost exactly resembling th a t of a sieve tube. Apparently some connexion between them also took place through the side walls.
Tendrils.-In the oblong cells of the tendrils of , a similar sieve-tube-like arrangement appeared to occur, especially on the end walls.
On the structure o f endosperm cells.-From some points of view I could not regard the results I had obtained with pulvini as either perfectly satisfactory or perfectly conclusive. In spite of a probability little short of certainty, some doubt still rem ained; for it could be brought forward, th a t in the first place the results had been obtained by means of an extremely powerful reagent, with whose action we were by no means intimately acquainted ; and, secondly, th a t we had no such examples of the general perforation of the pit-membrane by protoplasmic threads. And even allowing th at the pit-membrane was traversed by fine threads, the great question that required answering was-Do these threads in reality cross the middle lamella, or is it only a case of the membrane itself being pitted, and the threads running up to the lamella, but no further ?
In order, therefore, to put my results on as firm a basis as possible, it was necessary to experiment with my methods upon any such cases as might exist, where the passage of protoplasmic threads through the cell-wall was a confirmed fact, or to endeavour to establish, in a manner which admitted of no doubt, other instances of the existence of similar phenomena.
The first and most obvious examples of the occurrence of the perforation of the cellwall are naturally afforded by sieve-tubes, and, in consequence, I began by investi gating the results produced upon such structures by the reagents which I had employed in the case of pulvini.
In this direction I found that the method was in every way peculiarly adapted to show the intimate structure of sieve-tubes. In the course of my investigations on pulvini I had frequent opportunities for observing sieve-tubes, ., in Mimosa, Robinia, &c. In both the above-named cases the sieve-tubes are very small, but treatment with sulphuric acid, and subsequent staining with methyl violet and glycerine, or H o fm a n n 's blue, brought out these structures very successfully, and defined in an extremely clear manner the very fine threads connecting the contents of neighbouring tubes. The sieve-tubes of Dahlia variabilis, communis, and Phaseolus multijlorus were also investigated. In Ricinus the youngest sieve-cells where perforation had not yet taken place were clearly demonstrated. In Phaseolus the general occurrence of a lenticular highly refractive body in the sieve-tube cavity was noticed, but I must defer a description of it until a future occasion.
But in the end the fact became apparent th at although the results obtained with sieve-tubes gave very valuable proof of the success of the method I had adopted, yet that their structure could not be exactly compared to th at of the parenchymatous cells of pulvini. Thus, in sieve-tubes, the cell-walls tend to assume a soft and some what mucilaginous character, and in them the middle lamella is but little developed, and the whole wall readily dissolves in sulphuric acid.
In the cells of the pulvinus, on the other hand, the walls greatly resist the action of the acid, and the development of the middle lamella is essentially pronounced.
There was, however, still one road left open, and that was to investigate the structure of thickened endosperm cells where all the requisite conditions were present, and what was of greater importance still, where the pit membrane was extremely thick, and would be likely to show plainly the existence of threads traversing its substance.
Some results had already been obtained in this direction, for Tangl,w in 1880, in his paper on " Open Communication between the Cells of Endosperms," had shown that in Strychnos Nux-vomica, Phcenix dactyli and ArecCt oleracea tion between the protoplasm of neighbouring cells was established by means of fine protosplasmic threads running through the cell-wall. In Strychnos the walls were thick and devoid of pits, and the presence of the threads was not confined to any particular portions of the cell-wall, but they occur over the whole area. In Phoenix and Areca, on the other hand, it was by means of pits that the connexion was brought about; the pit membrane being perforated in a manner very much resembling that which takes places in a sieve-tube.
Tangl's results with Strychnos were fully confirmed by Strasburger, t but in the case of Phoenix and Areca, he states that he was unable to see the threads with the clearness conveyed by Tangl's figure, and although he says that the pit membrane of Phoenix is demonstrably porous, yet the general tone of his statements * Loc.
give one the idea th at he has not been fully able to satisfy himself as to the structure by direct successful observation. I then resolved to repeat for myself Tangi/ s experiments, and also to investigate in as thorough a manner as possible the endosperm tissue of other species of Palms, and of other seeds of a similar nature.
This work was carried on in the Jodrell Laboratory of the Royal Gardens, Kew, during the first three months of the present year.
Of the Order Palmae I have examined the seeds of typical representatives of a great number of the genera, and I have, in addition, investigated the structure of the endo sperm of members of the following Orders, viz.: Leguminosse, Rubiacese, Myrsinese, Cornacese, Loganiacese, Hydrophyllacese, Iridaceae, Amaryllidacese, Dioscoriacese, Melanthacese, Liliacese, Smilacese, and Phytelephasiem.
A mere glance at the foregoing list will be sufficient to show th a t a very large number of seeds were required, although from the great resources of the Royal Gardens I found no difficulty in obtaining typical representatives of any of the genera, and I cannot speak too highly of the great kindness I received on every side, from the Kew authorities, both in rendering me every assistance, and enabling me to obtain whatever material I was in need of for my investigation. Especially do I owe a debt of gratitude to W . T. Thiselton Dyer, Esq., the Assistant Director, not only for the help I always received from him, but also for the kindly interest he took in my work all along.
Of the methods I employed I have already spoken in the earlier part of this paper. The usual plan I adopted was to cut with a razor, wetted with water, thin sections of the seeds, which were then stained with iodine and mounted in Chlor. Zinc Iod. Usually they could be examined a t this sta g e ; the exceptions being in those cases where the pit membrane rapidly assumed the blue cellulose coloration. After the prolonged action of Chlor. Zinc Iod. they were washed in water stained with picricHoFMANN's-blue, and after a second washing in water were mounted permanently in glycerine (strong or dilute) or glycerine jelly.
In certain cases some slight modification of this process had to be resorted to, which was occasioned by the peculiar characteristics of the tissues in question. Thus, for example, in such endosperms as Strychnos or Tamus, where great swelling takes place upon treatm ent with water, the sections were cut in alcohol, stained with alcoholic iodine, and after treatm ent with Chlor. Zinc Iod. were washed with dilute alcohol; stained, and mounted in strong glycerine after having been well stirred in glycerine, on taking out of the staining fluid, instead of washing with water, although usually quick washing with water will succeed equally well. Again, where the pit membrane was thin, and taking up water soon became coloured blue with Chlor. Zinc. Iod., and would only for a short time retain its primary yellow coloration: such tissue was also stained with dilute alcoholic iodine.
The strength of the iodine must be altered as the nature of the material requires.
Thus
Phytelephas or Lodoicea require a strong solution of iodine, while Ruscus or Colchicum will quickly assume a dark yellow with a solution of a comparatively weak strength. Treatment with sulphuric acid was also resorted to, not only as an alterna tive method, but also for the purpose of confirming my results with pulvini; although, from the very great thickness of the walls and the consequent enormous swelling which occurs, it was found that, as a rule, Chlor. Zinc Iod. was the preferable reagent for ordinary use.
On repeating the observations already made upon my results fully confirmed those of T a n g l and S t r a sb u r g e r in every particular ; and in thin and •carefully-prepared sections it can be plainly seen that the threads do cross the middle lamella. Like T a n g l , I was unable to stain the threads with reagents in the usual m anner; and, in consequence, I instituted those experiments which led me to adopt that particular modification of dissolving H o f m a n n 's blue in picric acid, and using it as a stain, which I have already dwelt upon in the earlier part of this paper. When by the use of alcohol the extreme swelling which takes place upon treatm ent with water is prevented, sections may be stained with picric-H o fm a n n 's blue, and after mounting in strong glycerine may be successfully observed.
W
ith regard to Strychnos p o t a t o r u m , I
am disposed to agree with S trasbu rger that a sieve-plate-arrangement does exist between the pits, for a striation could certainly be made out. However, the seeds I had to work upon were extremely old, and as such I look upon the results obtained with them as unsatisfactory.
As regards the structure of Phoenix d a c t y l i f e r a , when treated with iodine an Zinc Iod. I came to the same conclusions as Professor S tr a sb u r g er * that, although a striation could be observed, the threads were not nearly so clear as T a n g l's drawing represents, and, indeed, were made out with difficulty. After treatm ent with sulphuric acid, washing, and then iodine-staining, they were defined much more clearly; but the best and in every way most satisfactory results were obtained by staining the washedout sections with H o fm a n n 's violet and glycerine. In the latter case the stained protoplasm wras contracted, and running through the pit membrane could be seen wellcoloured threads presenting a distinct sieve-plate-arrangement (Plate 69, fig. 13 ).
In the same way Areca oleracea, usually known as Euterpe oleracea, at first gave a very feeble result when treated in the usual w ay; but, after a great number of trials and the use of strong iodine, and a prolonged action of Chlor. Zinc Iod., delicate threads could be plainly observed, which, moreover, appeared to cross the little developed middle lamella.
Having obtained the above-named results I commenced the examination of a number of palm seeds and of other seeds possessing a similar structure, in the hope of being in the end able to make some statements as to their general histology and to determine how far such a structure was of general occurrence. The following is the list of the palm seeds examined. I am indebted to Sir J o seph H ooker for kindly looking over this list for me and not only making several valuable alterations, but In all the above seeds a direct meaus of communication between the cells of the endosperm was observed.
Confining myself at first to the Palinae, I would point out th at in their structure the various seeds present every possible modification both of thickness or thinness of the pit membrane, of clearness or difficulty of observation, of variations in the size of the cell, and in degree of development of the middle lamella.
In making the subsequent observations with reference to the study of a number of instances of one and the same phenomenon, I propose to deal with the subject in a somewhat general manner and to illustrate my statements by such typical examples as will best serve my purpose.
I. Development.-In no case have I worked out the development of any of the seeds th at I have examined. On account of want of time and opportunity, it is, there-fore, a subject which must be reserved for another occasion. I would only draw attention here, to the striking similarity which the arrangement of the protoplasmic threads joining the cells of such endosperms as Tamus, or Dioscorea presents to the same arrangement of achromatin fibres which accompanies the development of the similar structure in and the close resemblance of the barrel form, so beautifully shown by or Lodoicea, to the like form assumed by the fibrillse between the dividing nuclei in such endosperms as Caltha p a l u s t r i s , t or, indeed, in cell division in general. As Tangl{ remarks, it seems as if the fibrillse persisted during the subsequent cellulose formation and deposition. The appearance, perhaps, suggests that such is the case, and that the particles of cellulose have been deposited around the threads. I t may also be noticed that no instance of a reticulate arrangement of the threads has been observed. In any case it is apparent, of course, th at grave alterations must be occa sioned by subsequent growth and increase in size of the cells, but anything certain development alone can decide.
II.
Structure o f young endosperm cells.-A number of observations were made upon the young endosperms of Archontophcenix
Sabal umbraeulifera, and Rhopcdostylis sapida. In all these cases it was found that when the cell was still living, as could be seen from the presence of a well-developed nucleus, the connexion between the cells was fully maintained, and therefore that communication had existed in any case from a very early period (Plate 69, figs. 14 and 15).
As the cells grow older profound changes take place in the protoplasm, which usually result in the death of the cell. In order to ascertain the fate of the nucleus, portions of ripening seeds of Archontophcenix elegans and Rhopa.lostylis sapida were treated for twenty-four hours with saturated watery picric, and well washed with alcohol, until the yellow colour of the acid had quite disappeared. Sections were cut, which were stained with haematoxylin, and mounted in dilute glycerine. I t was then apparent that well stained nuclei were present in the cells occupying the central portion of the seed (Plate 69, fig. 15 ), and as one gradually traced the staining effects from within, outwards, it was seen th at the nearer the periphery, the less conspicuous became the cell-nucleus, until in the outermost layers no trace of a nucleus could be detected; its substance staining less and less, and its outline becoming more and more badly defined. Thus it apparently suffers a complete disorganisation.
Along with changes of the nucleus proceed alteration of the protoplasm. In many seeds-e.g., Phytelephas-but little protoplasmic substance appears to remain in the cell. Oil very frequently occurs as a cell content, and sometimes is present in large quantities, especially in the Cocoinese-e.g., Cocos, Badris, &c. Small crystals may also occur, and in such examples as Diplothem Syagrus, and Coryp grains are met with. In the cases which I examined with special reference to the * S tkasbukger, ' Zellbildnng und Z ellthilung,' Tafel I., fig. 15 . f Tafel II., fig. 31 . question the cells appeared to be quite dead, and as such they are simply preyed upon by the growing embryo. Thus, all the changes which result in their subsequent breaking down proceed from the embryo itself. Special experiments were made with sulphuric acid, in order to observe its action in cases where a continuity was known to exist. In fresh living cells treatm ent with sulphuric acid, and staining with methyl violet and glycerine or H o fm a n n 's blue, showed that, although the protoplasm had contracted, those portions projecting into the pits still adhered to the pit membrane, and that the threads of protoplasm running through the pit membrane were continuous on either side witn the above-mentioned symmetrically opposite processes (figs. 14 and 15). The processes, in fact, appear to be held to the pit membrane by the threads in question in all cases where the con tinuity is pronounced. U nder a low power the individual threads could not be distinguished, and the appearance then presented was th at of two darkly-stained threads united by a lighter-stained area running between them-in fact, the very appearance presented by Mimosa and R o b i n (cf . figs. 5, ease of ripening seeds, the protoplasm may be made to contract slightly from the membrane, and then a similar phenomenon is induced to th a t which occurs in Amicia and the bast cells of Mimosa ( c f . figs. 1 1 and 13), although in t sioned by loss of vitality, but rather from the fact th a t the threads are probably extremely fine and the continuity not so pronounced as it is in the case of the parenchyma cells. In fully-ripe seeds where the cells are dead, the protoplasm always contracts away from the cell-wall, and a similar state of things usually occurs when the cell has been killed by the action of reagents (see figs. 16 and 22). Thus, both my method and my results have received very satisfactory confirmation and elucidation.
III.
General results with ripe endosperms.-As a rule, most of the seeds I examined were either one or, at most, two years old. I also made use of some museum spe cimens, but decided to reject the results I obtained with them, as I had reason to believe th at in many cases those results were abnormal. As regards their favourable or unfavourable character as material for showing the perforation of the cell-wall by protoplasmic threads, seeds greatly differ one from another. In the first place, it may be stated, as a general rule, th at the thicker the pit membrane the easier can the threads be distinguished. In very thin pit membranes the observation of such threads as may cross it requires great precaution and care; there is nothing, so to speak, for the eye to catch upon, and one has to detect a line within a line. I t is this very fact that causes endosperm tissue to be so favourable for such an investi gation as the present one ; for here, not only, as a rule, are both the cells and the pits unusually large, but, what is much more important, the pit membranes are thick. In many cases, however, this is not the case, and an examination of such examples as Manicaria, Mauritia, or Caryota is quite sufficient to prove th at the * The results with Bomarea also confirm this. successful observation of the threads crossing a thin pit membrane is a matter of extreme difficulty; and it also serves to show that in other cases where the pits are very small and the membranes very thin this difficulty is so increased as to become almost an impossibility.
But apart from any consideration of the pit membrane, the ease or difficulty of observation also appears to depend greatly upon the peculiar characteristics of the seed itself. For instance, as I stated at the outset, Phoenix and Euterpe oleracea are inclined to be unfavourable material. In Euterpe edulis, on the other hand, the connecting threads can be easily demonstrated.
Of numerous other instances, Geonoma, Plectocomia, Areca triandra, Areca catechu, and Cocos afford examples of cases where difficulties of observation occur.
Among the most favourable material for examination are the endosperms of Bentinckia, Stevensonia, Thrincix, Ileterospathe, Howea, and Lodoicea (see figs. 16, 17, 18, 22, and 25) . The degree of development of the middle lamella varies greatly. As a rule, in thickened endosperms it attains but little development, or, even if this be not the case, it stains but little, and its refractive index varies only slightly from th at of the general cell-wall. In , Sabal, Baphia, and Ptychosperma, the lamella is decidedly pronounced. In such cases as Stevensonia and Calamus (Plate 69, fig. 24 ) both the middle lamella and the threads are well developed ; and though in them there is some difficulty in determining whether the middle lamella is actually perforated by the protoplasmic threads, yet, as a rule, careful examination and preparation will decide that in the vast majority of cases it can be seen th at such perforation does occur, and such examples as Ileterospathe, Kentia, Mauritia, or Bentinckia do away with all possible doubt (figs. 16, 19, 22, 23) . As to the manner in which the communication between the endosperm cells is established, experiment shows that there are two possible ways which essentially depend upon the configuration of the cell.
In such exceptional cases as Strychnos, Tamus (Plate 70, fig. 33 ), and where the walls are extremely thick, and, at the same time, devoid of pits, the com municating protoplasmic threads run through the cell-wall. A section of such an endosperm exhibits the threads, which are seen freely perforating the wall, except at the corners of the cell, at the point where the junction of several cells occurs.
The usual mode of union, however, is by means of pits. As I have mentioned elsewhere, the presence of pits in the cell-wall, due to unequal thickening, is of almost universal occurrence, and it is through the closing membranes of such pits that the protoplasmic threads run. This, in fact, appears to be by far the most common and typical way in which the continuity of the protoplasm of adjacent cells is brought about.
In other, and perhaps less frequent cases, examples of both modes ot connexion occur; the communication taking place not only through the pits, but through the MDCCCLXXXIII. 5 Q walls as well. I have observed th a t this happens in Belmoriana, Kentia costata, Lodoicea, B e n t i n c k i a , and Asperula (see figs. 16, 17, 19, 31) ; but that such union is of much more general occurrence. In all the foregoing examples, the threads running through the walls are more especially obvious in the cells ju st below the surface, and gradually become less and less visible, as one approaches the central tissue of the seed. This appears to me to be simply an arrangement for insuring that every facility should be given for the passage of nutritive material from without inwards, and also th a t it should have opened to it as many channels as possible. I t is obvious, for instance, th at the amount of plastic formative substance required for building up such a tremendous endosperm as that of Lodoicea must be very considerable, and even supposing its growth to be slow, the drain on the nutritive material must be large, and the rate of its flow must be very great. Consequently the increased facilities for easy transmission must be of great advantage. And not only in the development of the endosperm, but also upon germination, is this structure of great use to the plant, for at th at period the outer cell-layers will have become very dry, and consequently the difficulty of their being broken down by the absorbent foot of the cotyledon will be increased. B ut at the same time, owing to the greater development of a system of channels in them, they are more easily permeated and w etted by the cell sap holding in solution the ferment which will bring about their final disorganisation.
The form presented by the aggregate of threads traversing the pit membrane is usually th at of the well-known basket or barrel-shape which is met with in connexion with nuclear division. In many instances, and especially in , the shapely sweep of the curving threads, and the graceful arrangement of the whole threadcomplex is extremely striking and beautiful (Plate 69, fig. 16 ). In other cases the bending of the curve is not so marked, and in very thin pit membranes-e.g., chanthus, Livistona, &c.-the threads appear to be altogether straight.
In the instances where the threads go through the cell-wall their direction is seldom straight, but usually bent, and resembling in arrangement the appearance presented by the achromatic fibres during free-cell-formation.
Every variation occurs both as regards the. size of the cells, the distribution of the pits, and the number and thickness of the threads. Thus, whereas the cells of Caryota urens and Lodoicea (Plate 69, fig. 19 ) are large, those of and Geonoma are small. In such endosperms as Manicarea and Chamcedorea the pits are very numerous, while in Washingtona but few are present. In the threads are few and somewhat stout, while in they are very numerous and fine. In Bentinckia and Heterospathe they are also many in number. The threads are made very conspicuous by staining with iodine and treatm ent with Chlor. Zinc lod., for the latter reagent appears to cause a decided precipitation of iodine upon them as well as upon the general protoplasm which is accompanied by an increase in apparent diameter. That this is actually the case may be demonstrated either by reversing the operation and staining with iodine after treatment with Chlor. Zinc Iod. and subsequent washing, or by staining with picric-HoFMANN's-blue. (Compare Plate 69, figs. 22 and 23.)
As a rule nothing can be seen of the threads when a section of endosperm tissue is mounted and stained in the usual manner. But to this statement affords an exception, for here an appearance of striation can be detected, and in Stevensonia staining with H o fm a n n 's violet alone makes the threads apparent. Treatment with iodine, picric acid, or with a mixture of iodine and glycerine will also often bring them into view, e g .-Lodoieea (Plate 69, fig. 20 ), , and Bentinckia. Experiments with the object of injecting the threads with colouring solutions met with no success. Pieces of the endosperms of Latania and Calamus were fitted into a bored india-rubber cork, which was then tightly fastened into one end of a manometer tube, the shorter arm of which contained the solution of the colouring matter, and the longer held the mercury by means of which the injection-pressure was induced. First, a solution of water-blue in water was emploj^ed, and as this caused swelling of the wall a solution of insoluble blue in alcohol was used in preference. However, when exposed to the pressure of a column of mercury of sixty inches no injection occurred.
Besides the particular methods I have chosen for the elucidation of this subject, many others were tried with little or no success. Sections of Bentinckia, as being favourable material, were treated in the usual way with solutions of gold chloride and silver nitrate, but with no result. In every case it was found that it was necessary to swell the cell-wall before staining.
After swelling with Chlor. Zinc Iod. and washing, silver nitrate was again tried, and this time with some small amount of success. I adopted a modification of treating the section with sulphuretted hydrogenwater, after exposure in a 2 per cent, solution of silver nitrate for half-an-hour, and subsequent washing, instead of reducing the silver by the action of light, as in the usual process. The result was perhaps better, but still far from satisfactory, and would be quite inapplicable in any case where the threads were not particularly well developed. Some sections, after swelling, were treated with an alcoholic solution of tannin, and when washed were shaken up with a solution of ferric chloride. The wall then coloured the usual blue-black, and the colourless threads could be seen fairly well. Other sections, again, were soaked in a solution of ferric chloride, and after washing were treated with a solution of potassium ferrocyanide. In this case the threads were less clearly defined than with tannin and iron. Lastly, sections were treated for some time with a solution of corrosive sublimate, in the hope that an insoluble compound might be formed with the remains of the cell protoplasm. After washing the section was shaken up in sulphuretted hydrogen-water, but with no good result. Thus all these experiments pointed to the fact that my methods, if not perfectly satisfactory, were at least fairly successful.
In concluding the subject of Palm endosperms I might make a few remarks upon some particular examples which appear to be of equal interest.
In all the seeds nearly related to Calamus the structure is very typical (Plate 69, fig. 24 ). I have already noticed the great development of the middle lamella in these endosperms. Another interesting fact is, th a t in Calamus and Metroxylon a wellmarked cubical crystal is present, imbedded in the wall of each cell. I t seems as if there had been a period in the life of the cell when the protoplasm had required to get rid of some of the calcium oxalate resulting from the metabolic activity of the protoplasm. This was consequently thrown down in the form of a crystal which adhered to the cell wall, and in the subsequent thickening which occurred, was gradually covered in until it was at length surrounded on all sides by the cellulose.
Lodoicea sechellarum is of interest, not only as affording one of the clearest examples of the perforation both of the wall and pit membrane, but also because of its very unique distribution (Plate 69, fig. 19 ).
In Oncosperma t he threads are excessively fine, and certainly suggest the extreme probability of the existence of threads which are so delicate as to be invisible (Plate 69, fig. 21 ). In fact, I am inclined to believe th a t this really is so in such endosperms as Cocos n u c i f e r a . To this seed M artinezia caryctifolia pr W ith iodine it can be seen th a t very fine threads do go through the almost smooth walls, but upon treatm ent with picric-HoFMANN's-blue the individual threads cannot be distinguished, and only a blue coloration occurs. In , which has essentially the same structure, I was unable to observe threads, though I cannot doubt that such threads do exist. In all the Cocoinece the walls are thin and must be carefully examined.
They are, however, of extreme value, both from the point of view of analogy and comparison. In Syagrus (Plate 69, fig. 25 ) and the threads are well seen.
Heterospathe elata is a particularly favourable endo demonstrating the perforation of the middle lameba, which here is but little developed (Plate 69, figs. 22 and 23). The threads appear very clearly with iodine. In Phytelephas, although the walls are extremely thick the pits are small, the pit membrane somewhat thin, and the threads are demonstrated with difficulty. The cells contain but little remains of the protoplasm, and several results have induced me to think that the amount of solid m atter in the perforating thread channels is so small that the channels are practically empty (Plate 70, fig. 26 ).
These results seem to show th at in all the Palmse the structure of the endosperm cells is similar.
Endosperms other than those o f Palms.-As I have remarked elsewhere, the endosperm of Palm seeds is particularly favourable material for an investigation of the perforation of the cell wall by protoplasmic filaments. And, speaking generally, in the examination of most endosperms other than those of the Palmse, additional difficulties are presented which greatly interfere with successful observation. Especially does it become apparent that the thickness of the pit membrane is not nearly so great, and this fact both increases the difficulties of making out the threads, and in consequence of the rapid blue coloration of such a thin membrane causes the observations with iodine and Chlor. Zinc Iod. frequently to be almost valueless and often an impossibility. I t is in such cases that my staining method comes to be so important.
Often it would seem that the threads are so excessively fine that they cannot be resolved as separate filaments, and the appearance presented by the whole aggregate of threads crossing the pit membrane is simply that of a blue coloration. In this direction the results with Bomarea are of special interest, as they tend to give weight to the view that my experiments have led me to adopt, viz. : th at a well defined blue coloration, after the action of Chlor. Zinc Iod. and picric-HoFMANN's-blue, points to the presence of protoplasmic threads in the cell-wall.
Professor Strasburger * states, in the case of the endosperm cells of and in the pith cells of Taxodium, that the pit membranes are demonstrably porous, and th at a striation can be observed crossing the membrane upon action with iodine and Chlor. Zinc Iod. He also represents this striation in figs. 17, 18, 19, and 23, Tafel I. ; and again in fig. 23 , Tafel II., he shows th at a similar striation may be seen in the closing membrane of the pits in the thickened cells of the seed-coat of Viscum.
As far as regards Ornithogalum I can fully confirm his results, and the fact of the existence of a similar structure in Taxodium and Viscum is one of great value.
Staining with picric-HoFMANN's-blue, subsequent to the action of iodine and Chlor. Zinc Iod., will demonstrate in the case of Ornithogalum that the pit membrane is distinctly blue, while the rest of the cell-wall is practically colourless, and will also bring out more clearly the striation of the pit membrane, due to the presence of threads. This, however, is by no means a favourable case.
Sections of the endosperm cells of Bomarea oligantha, after swelling and staining, gave me good results. If examined in a somewhat cursory manner it is at once observed that the pit membrane is well coloured and distinctly delineated from the rest of the cell-wall (Plate 70, fig. 27 ). In some instances it can be observed that instead of the whole pit membrane being uniformly coloured, it may be traversed by one or two coloured bands which run through the otherwise colourless substance of the membrane (refer to figure) . In favourable instances well defined striation can be seen. In an en face view of the pits it becomes evident that the pit membrane exhibits essentially the same appearance as th at presented by a sieve-plate (Plate 70, fig. 28 ), and the appearance of the two coloured bands is explained from the fact that in some instances the whole membrane is not necessarily perforated, but that the perforation and hence the sieve-plate structure may be confined to particular areas of the membrane of the pit. This particular distribution of perforating areas also explained the appearance of bifurcation, which is sometimes presented by the apex of much contracted protoplasmic processes when pulled out of the pit cavity in consequence of the action of strong sulphuric acid, or other dehydrating agents.
The' staining results with Bomarea appear to me to give great support to the idea th at a pronounced coloration of the pit membrane by pioric-HoFM ANN's-blue after the action of iodine and Chlor. Zinc Iod. gives evidence of the presence of protoplasmic threads in the cell wall and therefore of perforation.
In Ruscus, although the cells are large, the pit membranes are very thin and quickly coloured with iodine and Chlor. Zinc Iod. After staining in the usual manner fairly well defined threads can be seen (Plate 70, fig. 29 ). The same is the case with Iris and Xiphium. Colchicum is a particularly plain example of perforation of the pit membranes, which are here somewhat thick. Both with iodine and with H ofmann's blue the individual threads are easily distinguished (Plate 70, fig. 30 ). O f Dicotyledons exhibit ing a similar structure, A rdisia polycephala i s an example of s its peculiar reaction with iodine. W ith a dilute solution of this reagent the substance of the cell-walls give a blue reaction, exactly resembling th a t of starch. Stronger solutions rapidly cause a dark brown coloration. The seeds of Ardisia crenulata behave in the same way. The same has been observed in the seed of , and has been long known in the case of the phloem of the so-called fungus cellulose ; and (when the iodine solution is of a certain strength) in mucilage cells. In Nemophila, although the cells are small, an appearance of striation is plainly evident (Plate 70, fig. 32 ). The structure of the horny seeds of certain of the Rubiacece, e.g., Coffea, G a l i u m, and Asperula (Plate 70, fig. 31 ) is of some interest. The cell-walls present a somewhat crumpled appearance, and there is no definite arrangement in their shape. After treatm ent with strong iodine and a lengthy action of Chlor. Zinc Iod., a system of fine threads is clearly brought into view. W here the wall is pitted, the threads go through the pits, or, if not, through the thick wall, as the case may be. This was observed in Asperula only. The rest were not examined in detail.
The structure of the seeds of Tarnus and Dioscorea are very important as affording additional confirmation of Tangl's results with Sirychnos. The thick walls of these seeds present no pits, and are of the same transparent horny nature as those of Strychnos Ignatia. After treatm ent with iodine and Chlor. Zinc Iod-the very numerous threads which freely perforate the entire thickness of the cell-wall gradually come into view, and resemble in both arrangement and properties those of Strychnos. The fact th at the threads cross the middle lamella is even better demonstrated in Tamus than in the former instance, for here the development of the lamella is not so great. The cell-walls soon swell very strongly, and in so doing the threads are broken up into a number of points, as Tangl has observed, and in the swollen portion of the wall at last become invisible (Plate 70, fig. 33 ). In Dioscorea the threads are much finer than in either Strychnos or Tamus. In both instances threads can be observed uniting all the cells, including of course those directly below the surface. In this respect they differ from Strychnos as far as their demonstrable character goes.
In such of the Ccesalpiniw as possess endosperms a similar pitted structure of the cells occurs. The existence of threads was observed only in but I cannot doubt that other leguminous seeds of the same structure will show the same occur rence of threads, e.g., Sophora Japonica and Gleditchia mentioned by Yon M o h l .* Subjoined is a list of the seeds examined. In those whose names are printed in italics it was actually observed that there was a protoplasmic continuity from cell to cell. The rest were not examined in detail.
The above results have established not only that protoplasmic threads do perfoiate the cell-wall, and thus bring adjacent cells into communication with one anothei, but that such perforation is of very frequent occurrence. My results with endosperm ells have fully confirmed those which I obtained with pulvini, and have both elucidated the structure that occurs in those organs, and given every support to the methods that I employed in their investigation. I t wT ould thus appear that not only in the endosperms of Palms, but in those of other plants in geneial, the cells aie placed in connexion one with the other. I t may be objected that I have used thick walled endosperms in every instance. I gave my reasons for so doing, and although I have not as yet examined the structure of thin walled endosperm cells, I have but little doubt that the same means of communication takes place in them also, foi e\eiy range of difference of thickness of the cell-walls occurs, not only in the same oidu but in families of th a t order, th a t differ b u t little one from another. R tjssow's results are also of especial value here.
Results with Plasmolysis.-A t an early stage in this investigation certain pheno mena in connexion with experiments upon the preservation of tissues forced themselves upon my notice. W hat was especially striking was the different result which was obtained when different tissues were treated with the same reagent, and under the same conditions.
Thus, upon examination of sections of the pulvini of Robinia, and , which had been all carefully preserved in absolute alcohol, it will be seen th a t the degree with which the protoplasm is contracted from the cell-wall varies greatly in the three cases. In the cells of Mimosa the protoplasm will have undergone but little contraction, and the whole tissue will show signs of successful preservation. In Robinia, on the other hand, an appreciable contraction has evidently taken place, and in Amicia this state of things has attained a maximum, for almost every cell exhibits the much shrunken protoplasm lying freely in the cell cavity, and separated on all sides from the cell-wall. Since in every instance the cells are full grown, and are under equal conditions, it would seem probable th a t the protoplasm is held closer to the cell-wall in some cases than in others.
After having obtained my results with Mimosa, Robinia, and Amicia, it seemed the more probable th at the above appearances were in reality a consequence of the intimate union between the cell-wall and protoplasm which my investigations had shown to exist, and the pronouncedness of which appeared to vary.
In consequence of these and other considerations, I was led to study, in a detailed manner, the effect of* plasmolysing such cells, since it seemed to be almost certain th at the phenomena accompanying such a condition would afford additional con firmation of the results I had already obtained w ith somewhat powerful reagents.* According to De V ries + when the plasmolytic condition is induced in a cell by means of dilute dehydrating agents, the protoplasm (primordial utricle) separates entirely from the cell-wall, and appears as a much contracted vesicle lying freely in the cell cavity.
On the other hand, both P ringsheim J and Nageli § had noticed th at in certain cases the protoplasm appears to separate with some difficulty from the cell-wall, and that it was frequently connected to it by means of one or more threads in those cases where great contraction had taken place.
I t had also been long known th at in filamentous || the protoplasm upon contraction is often connected to the cell-wall by threads. These, however, may be rather described as isolated cases, for no generalisations were made, nor was any * Proc. Roy. Soc., Nov. 11, 1882. f ' Untersuchungen iiber die Mechanischen Ursachen der Zellstrebung.' Leipzic, 1877. J £ Bail und Bildung der Pflanzenzelle.' 1854.
§ ' Pflanzenpbysiologishe Untersuch.' 1855. || H ofjieister, ' Die Pflanzenzelle.' 1867. particular attention drawn to the fa c t; on the contrary, it has been generally accepted that on plasmolysis the protoplasm is quite free from the cell-wall.
However, in repeating these experiments I find that in all the cases I have examined the contracted protoplasm is always connected to the cell-wall by means of very numerous protoplasmic threads.
The above phenomena were also discovered subsequently and independently by Bower,* whose excellent paper on the subject appeared shortly after my own. My experiments were first made upon pulvini, but were afterwards extended to tissues in general (figs. 34, 35, 36, 37) .
The most detailed observations were made upon transverse sections of the pulvini of Amicia zygomeris and Robinia p s e u d a c a c i a , after treatm ent with 2*5 per c 5 per cent., and 10 per cent, solution of sodium chloride, but since the results obtained in other cases differ so little, one may describe the phenomena which accompany plasmolysis in general terms.
If a dilute solution of salt be employed, e.g., 2*5 per cent., the protoplasm will gradually contract awray from the cell-wall, and will at length frequently appear to lie quite freely in the cavity. In other cases the protoplasm will adhere to the cellwall at certain points. But if the section be examined for some time, it will be seen th at delicate strings of protoplasm will gradually come into view, and increase in number, until at length the contracted protoplasmic mass will present the appearance of a sphere suspended in the cell cavity by innumerable fine protoplasmic strings (Plate 70, fig. 37 ).
If contraction be rapidly brought about by means of a stronger solution, e.g., 10 per cent., it will be observed th at the protoplasm experiences some difficulty in separating from the cell-wall, and may even become divided up during the process into two or more portions (Plate 70, fig. 35 ), each of which rapidly assumes a spheroidal shape; also several somewhat thick threads may be seen connecting the protoplasm to the cell-wall or the protoplasmic masses to one another (figs. 35 and 36) . Subse quently the finer threads come into view. I am inclined to believe that it is these thicker threads which have been hitherto seen, and that the finer threads have, up till now, escaped observation ; and although, as B o w e r ! remarks, the difference between the thicker and the finer threads is only one of degree, yet the importance of the observation is in no way diminished thereby.
The thicker threads frequently present nodal swellings of a perfectly spherical form. These spherical nodes may either abut on to the cell-wall or may occupy any other position upon the thread. When, by chance, rupture of the threads occurs, part contracts to the central protoplasmic mass, and part forms a small sphere on the side of the cell-wall.
The first indication of the existence of the fine threads is afforded by an appearance of striation, which gradually becomes more and more defined until distinct threads can be observed. A t first the diameter of the threads gradually diminishes from the protoplasm to the cell-wall, so th at it is impossible to trace the thread over the whole of its course (Plate 70, fig. 40 ) ; but after some time it comes more clearly into view, until at length it is apparent th at it extends right up to the wall in question.
The thickness of the threads varies greatly. U p to a certain point, more and more threads come into view the longer the cell is observed, until at length the appearance presented will be th at of a central contracted sphere of protoplasm from which radiate out to the cell-wall numerous fine threads, some of which are of an appreciable size, other smaller though still well defined, and others so difficult to see that their presence is only indicated by a faint striation traversing the space between the protoplasm and the cell-wall.
The phenomenon of the gradual definition of the threads appears to suggest th at a thickening of their substance has taken place, and as Bower * has observed, this in reality does occur.
He has seen also th at the nodal swellings appear to travel from the protoplasm to the cell-wall, and is of opinion th at the thickening of the threads is due in a great measure to a drawing out of fresh substance from the main protoplasmic body. He also suggests that lateral coalescence of the strings may occur. My view of the case, however, differs from his. I t is certain th at at first the protoplasm quickly contracts, owing to the rapid diffusion which occurs. The water diffuses from the cell vacuole into the salt-solution, much more quickly than the salt-solution diffuses into the water, so th a t the contraction of the protoplasm reaches its maximum when it has lost the greatest amount of water. After a time osmosis ceases, but not until the strength of the fluid, both inside and outside of the protoplasm, is the same. And in the subsequent equilibrium which occurs, the protoplasm, which had before suffered an abnormal contraction, owing to the rapid loss of the water it had contained ; now takes up in exchange a small quantity of the salt-solution, and the ultra shrinking (so to speak) is relieved,! and a definite swelling of the protoplasm takes place. Thus the tension on the threads is no longer so great, and, owing to their elastic character, they thicken up and are thus brought into view. Subsequently they cease to thicken, and by the time the shrunken protoplasm has regained its equilibrium they become quite lax. Both B ower and myself have observed that, after some length of time has elapsed, the threads execute lateral vibrations which are possibly caused by currents due either to diffusion or to temperature.
I t seems probable th at the action of the salt-solution, unless very dilute, causes grave changes to take place in the protoplasm. Ordinary cells do not give much evidence of this, since on washing out with water they regain their usual appearance.
If, however, S p i r o g y r ac ells be plasmolysed, it will be seen that the whole structure has been much affected, for the chlorophyll bands will no more resume either their accustomed appearance or arrangement, and a general swelling of the cell takes place.
The strings of protoplasm which normally traverse the cell vacuole in ordinary living cells frequently exhibit the same appearances as those which are presented by plasmolysed threads, and nodal swellings may also occur. I have observed this particularly well in the hypodermal cells of potato tubers.* I have also frequently noticed that as a result of plasmolysis many chlorophyll grains will tend to aggregate around the nucleus as if some connexion with the latter existed, such as P eingsheim observed in SpirogyraA
The point of special interest to me was to ascertain whether these threads bore any relation to the pits. As I stated in my paper before the Royal Society, I have observed several well defined instances in which threads do go to pits, and in Plate 70, fig. 34 , which is a made-up figure embodying in one representation the results of numerous individual cases, I have attem pted to illustrate such appearances. In one instance, where plasmolysis had been quickly induced by means of a strong salt solution, two spheres of protoplasm occupied the two opposite pit depressions, from each of which a thread ran to the main protoplasmic mass. However, numerous experiments have convinced me that no reliance can be placed upon the results obtained by plasmolysis, as giving any certain clue to the existence of protoplasmic continuity. W ith this opinion B o w e r , also agrees. | In fact, the greater proportion of threads bear no relation to pits, and in such an experiment as plasmolysing a hair of Primula sinensis, it is seen th at as many threads go to the longitudinal as to the transverse walls, and are thus present on the free walls, as well as those separating contiguous cells (see also Plate 70, fig. 39 ).
As I mentioned in the earlier part of my paper, my efforts to fix and stain these plasmolytic figures did not meet with perfect success, although picric acid gave very satisfactory results. I am, however, inclined to think that additional shrinking was produced by the use of glycerine, and the method deserves another trial. As a result of the staining, both the threads and the protoplasm were well brought into view, but a very great proportion of the threads were ruptured, and appeared as little spheres attached to the cell-wall. I was unable to trace the protoplasm into the cell-wall, but at that time I had not adopted my plan of staining with picric-HoFMANN's-blue. It is possible that with this reagent some results may be obtained. In my paper before the Royal Society, § I stated that I had succeeded in showing the passage of the proto plasm through the cell-wall when the wall was left intact, and not swollen by reagents ; the method consisting in treating thin sections of fresh material with saturated picric * See figure of cell fig. 38 . Although it still seems perfectly clear and plain, I am almost convinced that some abnormal appearance has been produced, either by distortion of the section, or owing to the fact that, intersecting the two coloured protoplasmic threads, are thin pit membranes which I cannot resolve.
As regards plasmolysis, numerous tissues were examined, and in all the same occurrence of strings was observed. Both Bower, and myself believe that the phenomenon is universal. In attempting to explain these appearances which accompany plasmolysis one has only hypothesis to offer. B o w e r * suggests two views-(1) that the main mass of protoplasm on retreating may leave the cell-wall still completely lined with a thin film of protoplasm; (2) that the peripheral part of the protoplasm being entangled as a network among the deposited microsomata may, on the contraction of the main mass, be drawn out at the points of entanglement into fine strings like those observed ; while the surface of the wall is left free, and not covered by a film of protoplasm.
But it seems to me that all the above phenomena may be explained from the mere fact that the cell-wall is so perfectly wetted (to use a physical phrase) by the protoplasm; for as Strasburger's t results show, the connexion between the cell-wall and the protoplasm is one of the most intimate description, even if any direct perforation of the cell-wall by protoplasmic filaments be left out of the question. The very same effects may be obtained with stringy mucus adhering to a glass tumbler. My results have certainly shown that the connexion between protoplasm and cell-wall is much closer than was imagined to be the case; but I am inclined to doubt whether the existence of protoplasmic threads in the cell-wall at all influences the phenomenon of plasmolysis, for they are equally well displayed over the whole surface of the wall, and bear no relation even to such pits as those occurring in the young endosperm cells of Archontophcenix and Rhopalostylis, where we continuity is known to occur. But I am bound to admit that it is a question of hypothesis against hypothesis, and I look forward with interest to the results of fig. 33 ). In concluding the subject I should like to state my views as to the reason why plasmolysis does not give any reliable assistance to the subject of the perforation of the cell-wall by protoplasmic threads.
When the protoplasm separates from the cell-wall in consequence of the action of dehydrating agents, it always tends to assume a spheroidal form, in consequence of the action of the two forces of pressure and tension, which endeavour to bring about a state of equilibrium. Now the pulling force th at the living protoplasm must exhibit in contracting from the cell wall and assuming its spheroidal condition must be very considerable. As we have seen from the appearance presented by such sections as Plate 70, fig. 40 , there is a tendency on separation for the protoplasm to adhere rather to the main protoplasmic mass than to the cell-wall, and in consequence of this the protoplasm of the fine filaments going through the cell-wall will tend to be pulled out of its canal, and thus the thread proceeding from it will be no thicker than one which arises from the general cell-wall, and will therefore not be especially apparent. In instances where plasmolysis is very rapidly induced, the protoplasm quickly contracts, and even becomes divided up into several masses. Then it may possibly happen that, owing to the particular combination of forces, a minute sphere of protoplasm may be retained, sticking to the pit membrane (as in Plate 70, fig. 34 ), although it may equally well adhere to the cell-wall (as in Plate 70, fig. 35 ).
But with such strong reagents as sulphuric acid the case is different. Owing to the rapid death of the protoplasm, the assumption of th at spheroidal form attended with the exhibition of the usual rending force between the protoplasm and the cellwall is prevented. The factor of life no longer asserts itself, and the contraction produced is now merely a mechanical shrinking, in consequence of dehydration, and the separation tends to take place rather between protoplasm and cell-wall than between protoplasm and protoplasm. Thus any intimate union which may exist between the protoplasm of the cell and the protoplasm running through the cell-wall tends to be maintained, and if sufficiently pronounced is made evident.* I am now in a position to bring my paper to a conclusion. I have succeeded in demonstrating that in living tissues a means of communication between adjacent cells exists. My results have been confirmed by Itussow, whose valuable contribution I have already mentioned. The wide field that this discovery opens is so great, and the whole bearing of the subject is so enormous, that it would be useless for me either to attem pt to sketch its significance or indicate the important inferences which arise therefrom, in the present paper. We are now in a position if not to understand, at least to get a clearer insight into, such phenomena as the downward movement of a sensitive leaf upon stimulation, of the wonderful action of a germinating embryo on the endosperm cells, even those which are far * In connexion with this subject, see D e B ary's figure of the sieve-tube of V it is after the action of iodine and potassic iodide ( loc. cit., fig. 75 , p. 18G).
removed from it, and finally of the whole cell mechanism. The passage of protoplasm from cell to cell, which numerous observations have showed must occur, can now be explained, and the mere fact of the possibility of this taking place increases very materially our knowledge as to general mechanics of the vegetable cell.
Although I am aware of the danger of rushing to conclusions, I cannot but remark that when these results-which were foreshadowed by Sachs and H anstein when they discovered the perforation of the sieve-plate-are taken in connexion with those of Russow, it appears extremely probable that not only in the parenchymatous cells of pulvini, in phloem parenchyma, in endosperm cells, and in the prosenchymatous bast-fibres, is continuity established from cell to cell, but that the phenomena is of much wider, if not of universal occurrence.
Finally, I have to acknowledge the many kindnesses I have received during this investigation. Of Professor Sachs' kindness to me it is impossible for me to speak sufficiently highly. The mere fact that it was at his suggestion that this work was undertaken will show how much I owe him. (Added January 12th, 1884.)
Since the communication of the above I have written two more papers on the same subject, v iz .:
1. " On the Continuity of the Protoplasm through the Walls of Vegetable Cells," Proc. Roy. Soc., December 20, 1884, which deals with the confirmation of my methods and the further establishing of my results. Since in the endosperm cells of Bentinchia Conda-panna the threads can be seen by merely mounting a section in dilute glycerine, such a preparation is taken as normal, and can be then compared with similar sections, in the preparation of which reagents have been employed. Such comparison is in every way satisfactory. I have further confirmed the existence of a continuity in D i o n c e a, and have established th at in the parenchymatous cells of the leaf bases of Aucuba Japonica and Prunus distinct threads can be made out, crossing the pit-closing membrane. I then make some remarks as to the function of the threads. Robinio.i pseudacacia after trea acid and staining wT ith methylene blue. The bottom and sides of the pits are stained, ( x 105.) Fig. 9 . Longitudinal section of a portion of the pulvinus of Amicia In certain of the cells conspicuous pits are apparent. (X 235.) Fig. 10 . Cells of the pulvinus of Amicia zygomeris, situated midway between the epidermis and the vascular bundle, after treatment with sulphuric acid, staining with methyl violet, and mounting in dilute glycerine. Between the adjoining masses of the much shrunken protoplasm are numerous fine stained processes uniting the twro. These in reality represent the stained bottoms and sides of the much swollen and resistent pits. The swollen cell-wall abuts directly on to the protoplasm. By long treatm ent with dilute glycerine all the colour becomes dissolved from the pits, and the protoplasmic masses are then left fairly isolated one from another, or by prolonged treatm ent with sulphuric acid the resistent pits become swollen, and then stain like the rest of the wall. ( X 1020.) Cells of the pulvinus of Amicia zyg situate vascular bundle, where the cell-walls are thick and the pits deep and well developed, after treatm ent with sulphuric acid and staining with methyl violet and glycerine. The protoplasmic processes tend to adhere to the pit-membrane, and between any two contiguous processes is a lighter stained area. (X 1020.) A cell from the rachis of the leaf of Cycas treated with iodine and Chlor. Zinc Iod. The pits opposite the intercellular spaces stain deep blue, whereas those separating the contents of adjacent cells are but feebly coloured, ( x 235.) PLA TE 69. Fig. 27 . Portion of cell-wall of almost ripe endosperm of Bomarea oligantha treated with Chlor. Zinc Iod. and picric-HoFMANN's-blue. In the case of one of the pit-closing membranes the badly developed threads are not present over the whole of its surface. (X 550.) Fig. 28 . E n face view of same. In the upper of the two pits the threads as in the last described example. In the lower they are distributed equally over the surface. The figure is badly drawn, for in the upper pit the sections of the threads should have been more plainly apparent, and in the lower the unstained portions should have been represented stained, and vice versd. (X 1020.) two pits, and unite the protoplasmic masses of the neighbouring cells as stated in text (refer to paper), (x 550.) Cell of the lamina of Trichomanes pyxidiferum as seen ten minutes after plasmolysis with a 10 per cent, salt solution (after Bower). The threads appear to have no fixed relation to the pits. (X 550.) Similar cell as seen two hours after plasmolysis (after Bower), ( x 550.)
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